Corrosion inhibition of mild steel in 1 M hydrochloric acid using Iraqi apricot tree gum Arabic as natural polymer was studied. The weight loss method was used to predict the efficiency of the inhibitor on corrosion of mild steel in a temperature range of 17-40 ∘ C. The FTIR result of natural polymer revealed that the C=O and O-H groups were found in the structure of the natural polymer. The results of weight loss method showed that the inhibition efficiency ( %) increased with the increase in both the natural polymer concentration and the temperature; therefore, chemical adsorption mechanism was suggested in this system. The different mathematical models of the adsorption isotherms were studied and the results revealed that natural polymer was found to obey Temkin, Langmuir, and Freundlich adsorption isotherm. The activation energy of adsorption, enthalpy of adsorption, and entropy of adsorption were obtained for different concentrations of natural polymer (0, 0.1, 0.2, and 0.3 g/L) and the results showed that the thermodynamic properties decreased with the loading of a natural polymer. Gibbs free energy of adsorption results was a minus value that led to the conclusion of the spontaneous adsorption of the natural polymer in this system.
Introduction
Mild steel has been widely utilized in chemical industry equipment and the corrosive materials such as alkalis, acids, and salt solutions are contacted with mild steel materials. Hydrochloric acid and sulfuric acid are utilized a lot in acid cleaning, pickling, and acidizing in mining and oil wells. Moreover, they are mostly utilized for the removal of undesirable scale and rust in several industrial operations [1] .
Most of the acid inhibitors are organic materials with N, S, and O atoms and various bonds in their structure. In addition, many N-heterocyclic compounds have been reported as effective inhibitors for metals corrosion and alloys in aqueous media [2] [3] [4] [5] [6] [7] . The absorption of inhibitors on metal surfaces leads to coverage of active sites of metal surface and thereby leads to a decrease in the metal corrosion rate. Moreover, the metal kind and metal face charge, the chemical construction of organic controllers, and the electron distribution in the molecule are impact factors in the operation of inhibitor adsorption [2] . Natural inhibitors substances are more attractive than synthesized organic inhibitors because they are environmentally friendly, nontoxic, cheap, and readily available and are a renewable source of materials. The natural products such as natural honey [8, 9] , henna [10] , opuntia extract [11] , guar gum [12] , jojoba oil [13] , Artemisia oil [14] , and Telfairia occidentalis extract [15] have been studied as corrosion inhibitors for iron and steel materials in acidic media.
The present work was designed to study the corrosion inhibition of mild steel in 1 M HCl solution by gum Arabic of Iraqi apricot tree as a natural polymer (GA) as corrosion inhibitor using weight loss technique. Moreover, the effect of temperature in the range of 17-40 ∘ C on corrosion behavior was studied in the presence and absence of inhibitor. To the best of our knowledge, there has not been any systematic investigation on the influence of gum Arabic of Iraqi apricot tree on the corrosion of mild steel in 1 M HCl solution. were used without further polishing. The specimens were cleaned of grease using absolute ethanol and were dried in acetone, and then the specimens were kept in desiccators to avoid the humidity effect until they were utilized in the study of corrosion. The mild steel alloy components are shown in Table 1 . The hydrochloric acid solution at the concentration of 1 M was prepared by dilution of 37 weight% HCl using bidistilled water. The GA is a natural product and was collected from Iraqi apricot trees. The solutions of GA were prepared by dissolving the GA in 1 M HCl acid solution at given concentration. The samples were curing in GA solutions after the GA material completely dissolved in 1 M HCl acid solution. Moreover, the precleaned mild steel coupons were hanged in 100 mL of HCl (1 M) solutions at a temperature range of 17-40 ∘ C. After finishing a period of curing time, the weight loss was located by scrubbing the specimens using a bristle brush under running water in order to remove the corrosion product, followed by drying and weighing. The difference between the weight at a given time and the original weight of the coupons represented the weight loss of specimens. The calculations were achieved by employing LP 120 electronic balance with a sensibility of ±0.0001 g. The results depended on triplicate assessment and the average value of the weight loss is stated.
The corrosion rate of mild steel has been calculated for a 5-hour immersion period in different concentrations of the inhibitor and the weight loss method was dependent on calculating the corrosion rate (CR) as follows:
where Δ is the corrosion weight loss of mild steel (mg) while and are the area of the specimen (cm 2 ) and the exposure time (h), respectively.
The inhibition efficiencies of inhibitors were calculated on a percentage basis as follows:
where is the weight loss value in the absence of inhibitor and 1 is the weight loss value in the presence of inhibitor.
Fourier Transform Infrared (FTIR) Spectroscopy.
Fourier transform infrared (FTIR) spectroscopy was used to investigate the chemical structure of GA. IR sample spectrum was conducted using a Shimadzu spectrophotometer. The range of measurements was 4000 to 400 cm −1 at atmospheric temperature while the resolution was preserved at 16 cm −1 . Figure 1 shows the FTIR spectra of gum Arabic of Iraqi apricot tree as a natural polymer (GA). The spectrum of FTIR exhibits clearly strong peaks at the absorption bands of 1100, 1650, 2960, and 3400 cm −1 . The stretching vibrations of the O-H bond appear at 3400 cm −1 with the strong peak at 1650 cm −1 due to the stretching vibrations of the C=O bond of the carboxylate group in the apricot gum material. On the other hand, the peak at 1100 cm −1 confirms the presence of the C-O bond, while the C-H bond presents at the peak of 2960 cm −1 [16] .
Results and Discussion

Fourier Transform Infrared (FTIR) Spectroscopy.
Weight Loss Measurements.
The corrosion of mild steel in 1 M HCl in the absence and presence of natural polymer (GA) as an inhibitor was investigated at a temperature range of 17-40 ∘ C applying the weight loss technique. Figure 2 shows the weight loss of metal with time (hours) in 1 M hydrochloric acid devoid of and in the presence of GA (0.1, 0.2, and 0.3 g/L) at 17, 30, and 40 ∘ C temperatures curing. The weight loss of mild steel reduces in the presence of the inhibitor in the hydrochloric acid solution as compared to the inhibitorfree solution, as shown in Figure 2 . It was observed that the weight loss decreased with an increasing GA loading at temperatures of 30 and 40 ∘ C while it was constant with an increasing GA amount from 0.2 to 0.3 g/L at the temperature of 17 ∘ C and this indicates that the inhibitor does not have an effect at this range of GA loading. The reason may be the no change in solubility of the GA at low temperature (17 ∘ C) where the temperature is an important factor in the solubility of materials.
The corrosion rates and inhibition efficiency were estimated at the various concentrations of inhibitor and at various temperatures as shown in Table 2 . The outcomes revealed that the CR was decreased with the loading of the GA inhibitor as compared to the case without loading of the GA inhibitor in solution. Moreover, the corrosion rate was boosted with high temperature. In addition, the inhibition efficiency was boosted with the rise in inhibitor concentration to gain a maximum value at 0.3 g/L GA at the whole temperature range of 17-40 ∘ C, as shown in Figure 3 .
The adsorption of natural polymer (GA) onto mild steel surfaces leads to coverage of the surfaces of mild steel which led to the inhibition of the mild steel corrosion and stopping of the corrosion process. GA has a complex structure and is a divaricated, balanced or a little acidic, complicated polysaccharide gained as a blended Ca, Mg, and K salt [17] . Meanwhile, FTIR results showed that GA has oxygen atoms which tend to adsorb to metal face by a couple of electrons of the O atom. It was also confirmed [17] that GA has 1,3-linked -Dgalactopyranosyl and glucoproteins species. Therefore, these polar materials support the absorption of the GA on mild steel surface and the result is the hindrance of the corrosion process from taking place. It can be concluded that the natural polymer (GA) can inhibit corrosion of mild steel by forming compositions with mild steel.
Adsorption Isotherm.
The physical adsorption and chemical adsorption are two main types of adsorption of organic compounds on the metal surface subject to the nature of the electronic structure of the metal, the media, and the inhibitor compositions. Figure 4 exhibits the results of the relationship between the inhibition efficiency ( %) and the inhibitor concentration ( ) of GA at various temperatures. The result of inhibition efficiency revealed that it is boosted with both the rising of inhibitor concentration and the rising of temperature. Growth in inhibition efficiency with the rise of both inhibitor concentration and temperature indicates that the adsorption process follows the chemical adsorption mechanism. The surface coverage ( ) values explained the character of adsorption of GA. The surface coverage can be estimated by the following equation:
amounts of the inhibitor have been utilized to demonstrate the best isotherm to locate the adsorption behavior. The adsorption isotherms of Frumkin [1] , Temkin [18] , FloryHuggin [7] , Langmuir [19] , and Freundlich [20] were fitted to . The correlation coefficient 2 was utilized to compare all these models to choose the best isotherm. It was observed that the best fit of was gotten with Temkin, Langmuir, and Freundlich adsorption isotherms.
The Temkin adsorption isotherm equation is
where " " is the heterogeneous factor of the metal surface describing the molecular interactions in the adsorption layer which is called lateral interaction parameter while is the equilibrium constant of the adsorption process. The surface coverage was plotted versus the logarithm of inhibitor concentration of GA at different temperatures (17, 30, and The adsorption variables of Temkin adsorption isotherms are exhibited in Table 3 for mild steel corrosion in 1 M HCl in the presence of GA at 17, 30, and 40 ∘ C. The attraction and repulsive forces between adsorbed molecules can be deduced by the plus and minus signs of the molecular interaction parameter amount ( ), respectively [21] . As shown in Table 3 , repulsion between the adsorbed molecules occurred because " " values were negative [22] .
indicates the intensity between the adsorbate and adsorbent. Increased amounts displayed more efficient adsorption and thus better inhibition efficiency [23] . It can be suggested that chemical adsorption onto the metal face occurred because values increased with the increase in temperature.
Effect of Temperature.
Corrosion of mild steel in 1 M HCl was investigated in the temperature range of 17-40 ∘ C with and without GA inhibitor. The results of the plotting logarithm of CR against different temperatures inverse are presented in Figure 6 for blank and GA inhibitor. The straight lines were gained to suggest that the relationship between the CR and temperature obeys the Arrhenius equation and 
where CR, , , , and are the corrosion rate, the Arrhenius constant, the activation energy, the molar gas constant, and the absolute temperature, respectively. Table 4 shows the activation energy ( ) values. The activation energy decreases with inhibitor loading as compared to the blank sample. It may be assigned to a perceivable boost in the inhibitor adsorption on the metal layer with an increase in temperature (chemisorption). Enthalpy of adsorption, Δ , and entropy of adsorption, Δ , for the mild steel corrosion in 1 M HCl with GA inhibitor were gained by applying transition state equation [24] given by
where , ℎ, , and are Avogadro's number, Planck's constant, molar gas constant, and the absolute temperature, respectively. The plot of the logarithm (CR/ ) versus inverse temperature with and without inhibitor is presented in Figure 7 . The enthalpy of adsorption and entropy of adsorption were acquired by the slope (−Δ / ) and intercept of the lines, respectively, and the results were reported in Table 4 for the different concentrations (0, 0.1, 0.2, and 0.3 g/L). The results point out that the adsorption enthalpy reduces with inhibitor loading as compared to the blank solution, which confirms the suggestion of chemisorption's mechanism. It was observed that the entropy of adsorption with and without inhibitor has negative values in a range between −37.05 and −63.28 J mol
The negative values are signaling to boost in the systems order [11] .
The intercept of the line obtained from a plot of log % versus log represents the free energy of adsorption (Δ ads ), as shown in Figure 8 , according to the following equation [25] :
where log = −1.74 − ( Δ ads 2.303
) .
The results of Δ ads at 17, 30, and 40 ∘ C are shown in Table 5 . The free energy of adsorption values is negative, which refers to the spontaneous adsorption of the GA.
Mechanism of Corrosion Inhibition
The main factor for the efficiency of an organic compound to act as corrosion inhibitor (Inh) is its capacity to adsorb on a metal face to replace the water molecules by organic compound, as shown in the equilibrium equation below:
Many parameters control the inhibitor adsorption on the metal face, which include electronic structure, steric factor, International Journal of Chemical Engineering the electronic density at the donor site, functional groups, and molecular size [26] . [17] . The inhibitor of apricot gum has an oxygen atom in its structure, as confirmed by FTIR result, which contains pairs of electrons. Therefore, it predicts that GA inhibitor with the long hydrocarbon chain adsorbs on the mild steel face due to the unoccupied -orbital of iron atoms to cover large surface area of mild steel.
The anodic and cathodic reactions are consistent of Fe
2+
and OH − , respectively [27] :
The inhibition of anodic reaction on the metal surface is done by the consistence of Fe 2 -GA complex on the anodic positions of the mild steel surface while the inhibition of cathodic reaction is done by the cohesion of insoluble material which is formed by hydroxide on the cathodic positions of the metal complex [27] .
Conclusion
The corrosion of mild steel in 1 M HCl with and without natural polymer as inhibitor was investigated using the weight loss technique at a temperature range of 17-40 ∘ C. The spectrum of FTIR shows clearly that natural polymer structure has C=O and O-H groups which lead to improving the adhesion of natural polymer on iron metal. The weight loss of mild steel reduces the loading of the inhibitor to the acid solution as compared to the blank. Meanwhile, the temperature is an important factor in the solubility of materials; therefore, the natural polymer has no effect on weight loss of mild steel at the temperature of 17 ∘ C. It was proposed that the adsorption of natural polymer onto mild steel surface was a chemical adsorption mechanism. Temkin, Langmuir, and Freundlich adsorption isotherms are the best fit of adsorption isotherms. The activation energy and enthalpy of adsorption decrease in the presence of the natural polymer as compared to the blank. The negative values of adsorption entropy revealed an increase in the systems order.
